Wetlands, including peatlands, are the main source of natural methane emission. Well-defined fen microsites have different methane emissions rates, but it is not known whether the methane-producing Archaea communities vary at these sites. Possible horizontal variations of communities, in a natural oligotrophic fen, were analysed by characterizing the methanogens from two well-defined microsites: Eriophorum lawn and Hummock. Community structures were studied at two different layers of the fen, showing, respectively, high and low methane production. The structure of methanogen populations was determined using molecular techniques targeting the 16SrRNA gene and combined denaturing gradient gel electrophoresis (DGGE) and restriction fragment length polymorphism (RFLP) analysis. Results subjected to non-metric multidimensional scaling (MDS), diversity indices calculation and phylogenetic analysis revealed that upper layer communities changed with site while deeper layer communities remained the same. Phylogenetic analyses revealed six different clusters of sequences grouping with only two known orders of methanogens. Upper layers of Hummock were dominated by sequences clustering with members of Methanomicrobiales and sequences dominating the upper part of the Eriophorum lawn were related to members of the order Methanosarcinales . Novel methanogenic sequences were found at both sites at both depths. Vegetation characterizing the microsites probably influences the microbial communities in the layers of the fen where methane is produced.
Introduction
Methane is one of the main greenhouse gases responsible for global climate change. Wetlands, including peatlands, are the main source of natural methane emission. They emit 100-200 Tg year -1 and therefore have a significant impact on global warming (IPCC, 2001) . Mires or peatland constitute a third of the land area of Finland; the proportion of land covered by mire is bigger than in any other country (Lappalainen, 1996) . With the predicted increase of the average temperature on the globe, the methane production in these ecosystems is expected to increase (Kettunen et al ., 1996; Saarnio et al ., 2000) . In anoxic wetlands, methanogenesis is the final step of the mineralization of organic substrates. Simple compounds as acetate or H 2 and CO 2 serve as substrates and results in the production of CH 4 gas (Garcia et al ., 2000) . Microbial activity is exclusively responsible for methane production in natural ecosystems (ASM, 2000) . The active organisms are methanogens belonging phylogenetically to the domain Archaea .
Cultivation-dependent methods have known limitations, and slow-growing anaerobic methanogenic Archaea may be especially difficult to recover from environmental samples. Molecular methods, however, have been shown to allow the recovery and identification of, until now, uncultivable microorganisms. Molecular methods, based on the 16S rRNA genes as universal markers, are therefore good alternative tools for community structure analysis (Head et al ., 1998) .
Methanogen populations have previously been studied in different habitats such as rice field soil (Grosskopf et al ., 1998; Lueders et al ., 2001) , marine and lake sediments (Marchesi et al ., 2001; Chan et al ., 2002; Purdy et al ., 2002) and peat bog (Hales et al ., 1996; Nercessian et al ., 1999) . We have earlier used functional gene markers to identify methanogens in the Salmisuo fen. The analyses of methyl coenzyme-M reductase (MCR) sequences revealed a variation of communities with depth and new lineage of methanogens at the Eriophorum lawn microsite (Galand et al ., 2002) . Even though fens are known to show spatial variation in CH 4 emissions and vegetation cover (Saarnio et al ., 1997) , possible variation of methanogen population with site has never been studied.
Here we searched for possible horizontal heterogeneity in community structure in a natural oligotrophic fen by analysing two different, well-defined, microsites: Eriophorum lawn and Hummock. Hummock has been shown in an earlier study to emit lower amounts of methane than the Eriophorum lawn microsite (Saarnio et al ., 1997) . In order to show possible spatial variations of the community structure we studied two different layers of the peat, showing, respectively, high and low methane production. Several replicate samples were analysed by targeting specific methanogenic 16SrRNA.
Results

Potential CH 4 production
For Hummock microsites, the average potential CH 4 production, the average water table level and peat temperature for all sampling depths are shown in Table 1 . CH 4 production was detected in all peat samples taken at 10, 20 and 30 cm below the water table. The production was highest in the submerged upper layers of the peat and decreased with depth. For each peat profile, the maximum production was detected at 10 cm below the water surface (upper layer) and the minimum at 40 cm. Samples taken 40 cm below the water level (deeper layer) showed potential CH 4 production rates close to zero or no production at all. Two out of three samples taken above the water level at Hummock did not show any CH 4 production, the third one had rate close to zero (Fig. 1) .
RFLP pattern analysis
Approximately 50 clones from each library were analysed by RFLP. The digestion of the cloned DNA sequences resulted in 14 unique RFLP patterns (Fig. 2) . The two samples from the upper layer of the Eriophorum lawn (E2-10 and E3-10) showed similar RFLP fingerprinting. Both libraries were dominated by two patterns (C and E) representing more than 70% of the clones. The two samples from the upper layer of the Hummock site were also similar to each other but they differed from the Eriophorum samples. These clone libraries were dominated by pattern H ( > 40% of the clones). The RFLP patterns in the deeper layers of the fen showed homogeneity between microsites. Clone libraries from both sites were dominated by pattern B and G, which represented more than 70% of the clones. Pattern A was found exclusively in the deeper layers (Fig. 2) . A clear change in Archaea 16S rRNA with depth was also seen at both sites; the upper layers of the fen were dominated by patterns C, E, H and F whereas libraries from the deeper part of the fen were dominated by the RFLP patterns B and G. The MDS plot separated the 16S rRNA libraries in three distinct groups. Upper layer libraries showed heterogeneity, samples from Eriophorum lawn and Hummock grouped in two distinct areas. All deeper layer libraries were closely related to each other (Fig. 3) . The two replicate samples within each depth and site were very similar in their RFLP pattern composition (Figs 2 and 3) and were therefore grouped together to form four larger distinct clone libraries called E-10, E-40, H-10 and H-40. These pooled libraries contained approximately 100 clones each and were used for diversity analyses. 
Diversity indices
Seven different indices representing RFLP richness and evenness were calculated from the pooled clone library data set ( Table 2 ). The percentages of coverage of the clone libraries were superior to 97.5% and the richness curves flattened toward an asymptote (Fig. 4) . This indicates that the number of clones analysed covers well the RFLP pattern richness of the libraries. The richness curves for upper layer samples reached higher values than the deeper layer curves, showing higher diversity in the upper layer of the fen. The difference in diversity was confirmed by other calculated indices such as the Shannon-Weaver diversity index, diversity estimators Chao1, Fisher's alpha or Simpson's evenness. They all showed higher values for the upper layers of the fen. No difference in diversity was observed between sites. Some indices showed higher diversity for Eriophorum lawns others for Hummock (Table 2) .
DGGE fingerprinting
The denaturing gradient used gave a fingerprinting with a high number of bands well spread through out the gel.
When PCR products were rerun, each set of samples showed a reproducible DGGE fingerprinting. The MDS analysis of DGGE patterns of the Eriophorum /Hummock gel showed that upper layer samples were heterogeneous; the sample plots were separated both within and between sites (Fig. 5 ). Deeper layer samples were homogenous, grouping close to each other. The two layers of the peat formed two distinct groups of plots (Fig. 5 ). This variation with depth was also observed when samples for each microsite were run on a separate gel (results not shown). These results are similar to the ones obtained by RFLP analysis; they show more variation in the community structure within the upper layers of the fen than within the deeper ones and a clear difference between communities.
Seven bands were cut from the DGGE gel, re-amplified by PCR, cloned and analysed by RFLP. It revealed that several sequences were present in the same band (up to five); among those one had not been revealed by RFLP analyses (pattern N).
16S rRNA sequences
A total of 33 clones were sequenced, eight chimerical Table 2 . Different diversity indices calculated from RFLP patterns of 16S rRNA methanogen clones. The clone libraries were obtained from two of the fen's microsites: Eriophorum lawn (E) and Hummock (H); samples were obtained from 10 and 40 cm below the water level (marked -10 and -40). sequences were discovered and excluded from the data set. Sequences belonging to a same RFLP group showed high ranges of similarity values ( > 98%) and clustered together in phylogenetic analyses indicating close relatedness within RFLP groups. Phylogenetic affiliations of the clones retrieved from the boreal fen are shown in Fig. 6 . 16S rRNA sequences grouped in six distinct clusters numbered from I to VI. Sequences that grouped in cluster I were closely related to known members of the order Methanomicrobiales ( similarity ranging values from 93.1 to 93.8%). They were phylogenetically close to environmental sequences retrieved from hydrocarbon-contaminated aquifer (Dojka et al ., 1998) . Sequences grouping in cluster II were closely related to the order Methanosarcinales . Sequences E had 97.5-98% similarity to Methanosarcina siciliae , M. acetivorans and M. mazei . It indicates that the sequences belong to the genus Methanosarcina. Cluster III and IV both grouped with Methanosarcinales and Methanomicrobiales (similarity values ª 76% for both) but are not directly related to any known methanogens. Sequences from cluster IV grouped with environmental samples retrieved from a forested wetland and sequences from cluster III grouped with clones obtained from rice field soil (RC-III) and oil contaminated soils. Sequences from rice soil were not included in the phylogenetic tree because of their short length. The three sequences contained in cluster V and VI were the ones that showed the largest distance to known methanogens. Sequence F from cluster VI was related to environmental samples retrieved from deep-sea hydrothermal vents (Takai and Horikoshi, 1999) and aquifer contaminated with hydrocarbon-and chlorinated-solvent (Dojka et al., 1998) . It showed a similarity value as low as 71.3% to its closest recognized species, Methanococcus infernus. Sequences O was related to sequences from retrieved environmental samples like wastewater sludge or drainage (Godon et al., 1997) and lake sediments (Hershberger et al., 1996) . The similarity value to closest recognized species was 79.7% to Methanopyrus kandleri. Sequences most commonly found in the upper part of the Eriophorum lawn (pattern C and E) grouped in two different clusters. E pattern sequences were related to Methanosarcinales and C patterns to the new cluster III. Organisms that dominated the upper layers of the Hummock site were affiliated to Methanomicrobiales (pattern H). The sequences characteristic for the deeper part of the peat (pattern B and G) were all grouped in cluster IV.
Parameters
Discussion
A site-related variation of methanogen communities between the upper layers of the Hummock and Eriophorum lawn was revealed. This is to the best of our knowledge the first study revealing a horizontal change of communities between well-defined natural microsites. The observed variation is certainly correlated to the vegetation cover and level of the water table characterizing the sites, which again influence nutrient availability in the peat surface.
The lower water table and large aerobic layer defining Hummocks promote oxic decomposition of organic matter and induce a change in the composition of litter entering the anaerobic layers (Svensson and Sundh, 1992) . Additionally, the root system of Hummock species concen- trated in the uppermost aerobic part of the peat affects the transport and availability of carbon compounds in the deeper layers (Saarnio et al., 1997) . In Eriophorum lawn, the nutrient availability is influenced by the presence of vascular plants like E. vaginatum. This group of plants provides easily degradable substrate (root exudates and litter) to the anaerobic parts of the fen where decomposition provides nutrient for methanogenesis (Schutz et al., 1991) .
The phylogenetic analyses showed that the amplified sequences dominating the Hummock site clustered with members of Methanomicrobiales, known to include hydrogen utilising methanogens. Several studies have showed hydrogenotrophy to be the dominant nutrition route in peatlands and other wetlands (Lansdown et al., 1992; Horn et al., 2003) . The Hummock's near surface community could be composed of organisms oxidising H 2 and reducing CO 2 to form CH 4 . On the other hand, sequences retrieved from the upper part of the Eriophorum lawn were related to members of the order Methanosarcinales and genus Methanosarcina, known to regroup the most versatile methanogens, able to use H 2 -CO 2 , acetate and methyl compounds (Garcia et al., 2000) .
In the deeper parts of the fen, no differences in methanogen communities were observed between sites. It indicates that the physicochemical conditions at this depth are stabile horizontally. The influence of the covering vegetation and water table level is low; the nutrient types and amount are probably similar across sites resulting in the presence of similar communities.
The variation in methanogen communities did not have an influence on potential CH 4 production. Comparing the production at Hummock with previously published results for Eriophorum lawn (Galand et al., 2002) , revealed no significant difference in potential CH 4 production between the two microsites at the depth of maximum CH 4 production (t = 0.96; P > 0.19). Also there were no differences between sites when the sums of all productions for each site were compared (t = 0.08; P > 0.46). Previous studies have shown a higher emission of CH 4 at Eriophorum lawn when compared to Hummock (Saarnio et al., 1997) . Those results are, however, based on measured flux on site and not on potential production measured in the laboratory.
A clear difference between deeper layer and upper layer communities was shown by RFLP and DGGE fingerprinting and phylogenetic analysis. The depth related variation of methanogen Archaea community has been shown earlier with the functional MCR gene (Galand et al., 2002) but never with 16S rRNA. Change of community with depth could reflect an adaptation of microorganisms to changing environmental (temperature, water level) and nutritional conditions. Methods based on DNA extraction and PCR amplification are known to involve bias (Wintzingerode et al., 1997) . However, as replicate samples in our study were subjected to the same treatment, it is expected that bias operated uniformly allowing proper comparison of results.
Phylogenetic analyses showed that major sequences found at 10 cm bellow the water table where spread through several clusters including some related to Methanosarcinales, Methanomicrobiales and previously recovered environmental samples. The most common sequences retrieved from a depth of 40 cm were all grouped in a novel cluster, including sequences from environmental samples from coal contaminated forested wetlands. With low similarity values (ª 76%) to members of the order Methanosarcinales and Methanomicrobiales those sequences may represent a novel methanogenic lineage. As similarity values to known methanogens are low, it is not possible to confirm that those sequences belong to methanogenic Archaea. Affiliation of this cluster to any physiological group remains difficult.
Our previous study with the functional MCR gene as molecular marker revealed upper layer Eriophorum sequences related to Methanomicrobiales (Galand et al., 2002) . Interestingly, 16SrRNA analyses of the upper layer showed sequences related to Methanomicrobiales, Methanosarcinales and to new groups of environmental samples. The 16S sequences found in this study could, however, also belong to hydrogenotrophs since they are related to members of the genus Methanosarcina (possible H 2 -CO 2 users). Previous studies have reported a close similarity between 16S and MCR inferred phylogenetic tree topology (Springer et al., 1995; Lueders et al., 2001; Luton et al., 2002) . The differences observed here may be a result of the bias inferred by the use of universal primers (Wintzingerode et al., 1997; Head et al., 1998) , but can also be the result of the resolution difference between the 16SrRNA and MCR inferred trees. A lower number of MCR sequences registered in the databases induced a less precise phylogenetic affiliation. Sequences retrieved from the deeper part of the fen, revealed a phylogenetic branching similar to the one obtained with the MCR molecular marker. Study based on the MCR gene also revealed sequences distantly related to Methanomicrobiales and Methanosarcinales.
The change of community with depth is also reflected by the change in 16S rRNA RFLP diversity. Upper layers characterized by higher amount and diversity of carbon sources could allow the development of a broader range of organisms. The total methanogen diversity in the fen was relatively low (Table 2) . Even though the primer pair has been shown to amplify representatives from the four main known methanogen orders (Marchesi et al., 2001) , it could, when applied to environmental sample, fail to anneal to some groups of sequences. On the other hand, low diversity has been shown earlier in acidic peatland (Hales et al., 1996; Nercessian et al., 1999) and the low diversity observed at the Salmisuo fen is probably characteristic for those types of habitats.
Experimental procedures
Environmental site and sample collection
Peat samples were collected in June 2001 from the Salmisuo mire complex in eastern Finland (62∞47¢N, 30∞56¢E) . The site is a minerogenic, oligotrophic low-sedge Sphagnum papillosum pine fen. Four different types of microsites have been described at the Salmisuo fen: Eriophorum lawn, Flark, Hummock and Carex lawn. They are defined by their nutritional statuses and average water table level. Samples were taken from two different microsites: Eriophorum lawns and hummocks. The Eriophorum lawn is the most common microsite covering 86% of the mire surface. At this site the water level is mainly 5-20 cm below the peat surface and Sphagnum mosses, Eriophorum vaginatum L., Vaccinium oxycoccos and Andromeda polifolia dominate the vegetation. Hummocks rise above their surroundings and their average water table is >20 cm below the peat surface. The most typical hummock species is Spagnum fuscum (Scimp.) Klinggr. S. angustifolium (Russow) C. Jens. Eriophorum vaginatum are found in the lower parts of the hummocks (for more details Saarnio et al., 1997; Saarnio et al., 2000) . Three parallel peat profiles, distant of approximately 20 cm from each other, were collected from Eriophorum lawns (E1-E3) and Hummocks (H1-H3) with a box sampler (8 ¥ 8 ¥ 100 cm). Soil samples for DNA analyses and potential methane production measurement were taken each 10 cm (±2 cm) of the core (Table 1 ). All together the sampling resulted in 27 peat samples from which the measurements were taken.
Measurement of methane production and pH
Fifteen ml of peat were added to 100 ml, oxygen free, infusion bottles containing 30 ml of distilled water. The bottles were then flushed with 99.96% nitrogen in order to obtain anoxic conditions (Kettunen et al., 1999) and sealed with butyl rubber septa. The glass vials were allowed to stand at 4∞C for 5 days to allow the gas present in the peat core section to equilibrate with the headspace. The vessels were then flushed with nitrogen and kept unshaken, at dark, for 170 h. The incubation temperature was +10∞C (in situ temperature). Four times during the incubation, subsamples were taken from the headspace for analysis of the methane concentration. 100 ml of gas, taken with a Hamilton syringe, were injected to a Perkin Elmer Sigma II gas chromatograph equipped with a flame ionization detector and a 1.5-m column packed with Porapak Q 80 : 100 mesh. Nitrogen was used as a carrier gas at a flow rate of 30 ml min -1 . The injector, oven and detector temperatures were set at 35∞C, 40∞C and 350∞C respectively.
The rate of methane production was calculated from the slope of the linear regression given by the CH 4 concentration increase over time. No non-linear (r 2 < 90%) cases were found. After incubation, the peat samples were dried at 60∞C and the methane production was normalized to the dry weight.
Ten ml of peat were mixed together with 30 ml H 2 0 in infusion bottles. After overnight incubation at room temperature, the pH was measured.
DNA extraction
DNA was extracted directly from 0.25 g of peat samples by chemical (detergent) and mechanical (bead beating) cell lysis with the Soil DNA Isolation Kit (Mo Bio Laboratories, Solana Beach, CA, USA), following the manufacturer's suggested protocol. No further purifications were needed. The DNA quality and yield was assessed in agarose gel. This extraction method has been shown to hold high reproducibility and efficiency when compared with other methods (Niemi et al., 2001) .
PCR amplification
The 16S rRNA gene was chosen as molecular marker to study the methanogen diversity. The primer pair 146f-1324r (Marchesi et al., 2001 ) was used to amplify specifically an approximately 1200 bp long region of methanogen 16S rRNA gene. A 40-nucleotide long GC-clamp was added to the forward primer to enable DGGE analyses (Muyzer et al., 1998) . The 50 ml PCR mixture contained 25 pmol of the appropriate primer pairs, 200 mM dNTPs, 1 U Red Hot polymerase (Advanced Biotechnologies, Epsom, UK), PCR reaction buffer and 3 ml of template (concentration determined empirically). Bovine serum albumin (0.1 mg ml -1 ) was used to prevent PCR inhibition. The reaction conditions were 30 cycles of 94∞C for 45 s, 50∞C for 45 s, 72∞C for 2 min The PCR was performed using a Gene Amp thermal cycler (Perkin Elmer, Wellesley, Massachusetts, USA). Products were analysed on 1% agarose gels with ethidium bromide staining.
Cloning, RLFP and sequencing of PCR product
Eight gene libraries were constructed using DNA extracted and amplified from two depths (-10 and -40 cm) from the two microsites (profiles E2, E3, H1 and H3). Polymerase chain reaction products obtained with 16S rRNA primers (without GC-clamp) were purified with b-agarase and cloned in pGEM-T vector plasmid using JM109 competent cells (Promega, Mannheim, Germany) according to the manufacturer's instructions. Inserted sequences were re-amplified and PCR products were digested with HinfI for restriction fragment length polymorphism (RFLP) analysis. The segments were separated on 3% Synergel (Diversified Biotech, Boston, USA) gel and the resulting RFLP patterns were grouped visually. Colonies showing distinct fingerprint patterns were selected for sequencing. Plasmid DNA was isolated with the Wizard Mini-Preps (Promega) and sequenced using the vector's universal primers SP6 and T7. To assess if the observed RFLP groups contain closely related sequences, two or three representatives from each of the biggest RFLP groups were sequenced. The range of similarity within RFLP groups was determined and the sequences were added to the phylogenetic analyses.
In order to relate the results obtained by DGGE fingerprinting (see below) with those from RFLP analysis of clone libraries, cloned 16S rRNA sequences representing each RFLP groups were re-amplified with GC-clamp and run in DGGE. Positions of the bands representing the cloned sequences were compared with positions of bands from community fingerprinting. Additionally, seven bands from the total community DGGE fingerprint were cut from the gels. They were kept overnight at 4∞C in 20 ml H 2 O, 5 ml of the suspension were used as template for PCR and the amplified DNA product was cloned as described above. For each cut band, 12 clones containing the insert were analysed by RFLP.
Methanogen 16S rRNA sequences obtained in this study were deposited in the EMBL database, accession numbers AJ548932 to AJ548953.
DGGE fingerprinting
DGGE was performed on all 24 samples from the anaerobic layers with a D-code system (Bio-Rad, Hercules, CA, USA) following the manufacturers instructions. Approximately 400 ng of PCR product were loaded on 6% (wt/vol) polyacrylamide gels in 1 ¥ TAE buffer. The denaturing gradient was determined by empirical trials and vertical DGGE; it ranged from 45 to 57%. One hundred per cent denaturant corresponds to 7 M urea and 40% (v/v) deionized formamide. The gel was run at 60∞C, at a constant voltage of 90 V for 18 h. After electrophoresis, the gel was stained for 30 min with SYBR Green I (1 : 10000 dilution; Molecular probes, Eugene, Oreg., USA) and digitized in UV light using Fluor-S multilmager system (Bio-Rad, Hercules, CA, USA). The bands position was marked with gel documentation software Gel Doc 2000 (Bio-Rad). The DGGE analysis was used to compare community between depths within each microsite and to compare community between microsites. All samples for each comparison were run on the same gel.
Phylogenetic analysis
All sequences of approximately 1200 bases were compared to those available in the EMBL database using the BLAST server (Altschul et al., 1997) at the European Bioinformatique Institute (EBI, URL http://www.ebi.ac.uk; Hinxton Hall, Cambridge, UK). Sequences were also checked for chimeric artifacts by using CHIMERA_CHECK (Maidak et al., 2000) from the Ribosomal Database Project II (RDP) and by analyses of the sequence alignment.
Sequences (ª1200 bp long) were first aligned using CLUSTAL W package (Higgins et al., 1994) and then checked manually by using the GENEDOC program [v.2.6.002 (Nicholas et al., 2001) ]. A phylogenetic tree was estimated using the PHYLIP package [v.3.57c (Felsenstein, 1993) ]. Bootstrap values for 100 replicates were generated with SEQBOOT. DNADIST was used to calculate genetic distances with Kimura-2 model. Calculations were restricted to nucleotide positions that could be unambiguously aligned. The phylogeny was estimated from the distance matrix data by FITCH with global rearrangement of branches and randomized species input order. The dendrogram was verified by maximum parsimony method.
Even though full sequences should be used for phylogeny determination (Ludwig and Schleifer, 1994) , partial sequences can be used to determine the closest relatives of unknown sequences (Stackebrandt and Rainey, 1995; Ludwig et al., 1998) .
Statistical analysis
Student t-test was used to test possible differences in potential CH 4 production between Hummock and Eriophorum lawn microsites.
RFLP patterns data were converted to a distance matrix using Chord algorithm for abundance data and represented in non-metric multidimensional scaling (MDS) plot. DGGE banding patterns were converted to a binary matrix where the presence or absence of a band in each lane at a same position was reported in the matrix with 1 and 0 respectively (van Hannen et al., 1999) . The binary matrix was transformed to a distance matrix using Jaccard's coefficient for presenceabsence data and the resulting similarity values were analysed by MDS plot. Each DGGE lane is represented by one single point in a two dimensional space, the closer the point are to each other, the more similar are the banding patterns. The calculations were made with the PAST software (v.0.97 Hammer and Harper, 2002) . The method of Good (Good, 1953; Mullins et al., 1995) , used to estimate the coverage of the clone libraries, was calculated as: (1-(n/N))*100, where n is the number of unique clones detected in the sample of size N.
Various indices and models were used to analyse the possible variation of the methanogen diversity with depths and sampling sites. Three different categories of measures were used (Magurran, 1988) .
Richness indices: Shannon index (H¢) and OTU richness estimator.
The Shannon-Weaver diversity index (Shannon and Weaver, 1963) 
was calculated as:
pi is the proportion of clones belonging to the ith OTU and S is the total number of OTUs; RFLP patterns were considered as operational taxonomic units (OTUs) (Moyer et al., 1994) . OTUs richness estimators were calculated from rarefaction analyses using a standard sample size of 76 clones. The nonparametric estimator Chao 1 was also calculated (Chao, 1984) .
Evenness indices: Simpson's index (D; Simpson, 1949) . The Simpson's evenness index was calculated as:
Symbols used are the same as for the Shannon-Weaver formula.
Abundance models: Fisher's Alpha log series richness index (Fisher et al., 1943) .
Rarefaction and diversity analyses were performed with PAST package (v.0.97 Hammer and Harper, 2002) . The online Rarefaction Calculator (http://www2.biology.ualberta. ca/jbrzusto/rarefact.php) was used for Chao1 and species richness estimations for a standardized sample size. 
